Screening of microorganisms producing a new kind of flocculating substance was carried out. A fungus that produced a large amount of a strong microbial cell flocculant was isolated from soil.
The fungus was classified as a Paecilomyces species. The substance produced showed very interesting and unique flocculation characteristics.
It could efficiently flocculate all tested suspended solids in aqueous solution, and flocculation was practically not affected by ionic strength, pH or temperature.
The influence of components of the culture mediumupon the flocculant production by Paecilomyces sp. 1-1 was studied. Addition of hydrolysates of casein such as casamino acid and polypeptone stimulated the production of the flocculant. A high concentration of calcium ions also significantly increased the mycelial growth and the production of the flocculant. Under the optimum cultural conditions, a 500-fold dilution of the culture filtrate could efficiently flocculate and sediment E. coli cells.
Various kinds offlocculating agents are used in a wide range of industrial fields. Inorganic agents such as aluminium sulfate, polyaluminium chloride, ferric chloride and activated silica are frequently used for tap water and waste water treatment. Organic synthetic polymers such as polyacrylamide derivatives, polyvinylpyrimidine, polyethylene imine, sodium polyacrylate and so on are efficient flocculating agents for plant waste water treatment and improvement of industrial processes. Naturally occurring materials such as chitosan, guargum, sodium arginate and gelatine, which show only weak actions, are also used for improvement of food processes.
There is a potential need for strong and safe flocculating agents in the fermentation and food industries.
Since harvesting or removal of microbial cells from cultured broth is a very important but energy consumingprocess in the fermentation industry, safe and strong agents maybe very useful for improving the process as a substitute for centrifugation or filtration.
Several workers1~3) reported that some microorganisms produced flocculating substances. But they were not strong or safe enough to be practically used. We screened flocculant producing fungi as to the removal and harvesting of microbial cells from fermentation broth, and isolated a mould from soil which produced a large amount of a strong flocculant for microbial cells. In addition to its high production and strong flocculating activity, the substance has very interesting and unique flocculation properties.
The present paper reports studies on screening of flocculant producing fungi, microbiological properties of the isolated fungus, culture conditions for flocculant production and characteristics of the flocculating activity.
MATERIALS AND METHODS
Screening forflocculant producing fungi. For the screening of microbial cell flocculant producing microorganisms, 25 strains of fungi from the culture collection of our laboratory and 50 strains of fungi isolated from soil were Taxonomicstudies on strain 1-1. Investigation of morphological and physiological characteristics of the fungus grownmainly on Czapek's agar plates were carried out according to Onions and Barron.4) Cultivation of strain 1-1. The culture media used in the present paper are summarized in Table I . The mycelium was grown in 100ml of the mediumin a 500ml flask on a rotary skaker at 25°C for 5 days.
Mycelial weight. Culture broths were filtered through the filter paper No. 2 (Toyo Roshi, Tokyo, Japan). The mycelia, after filtering off, were dried at 105°C and then the dry weight was determined.
Flocculating activity. The flocculant produced by 1-1 was tested with culture filtrates for studies on cultural conditions for flocculant production and with aqueous solutions of ethanol precipitates of culture filtrates for studies on characteristics of the flocculating activity. A portion of the culture filtrate was serially diluted on a microtiter plate (Tomy Co., Tokyo, Japan) or in test tubes, followed by the addition of an equivalent volume of a washed E. coli cells suspension (lmg dry cells/ml).
Flocculating activity was expressed as the maximumdilution rate of the flocculant (Flocculating activity=rc(the «th power of 2)).
In tests for materials other than E. coli cells, 1 mg dry cells per ml ofmicrobial cells and 20 mgper ml of cellulose Quantitative analysis of the flocculant in culture broth. The flocculant was measured as follows; to 0.5 ml of culture filtrate in a test tube, 1ml of ethanol was added. After the test tube had been stood for more than 15min at room temperature, the precipitate was collected by centrifugation (3000rpm, 15min), washed with l ml of ethanol and then centrifuged to remove ethanol. After 0.5ml of 2.5% NaNO2 and 0.25ml of 33% acetic acid had been added, the product was allowed to stand for 30min at room temperature with periodical shaking.
After 0.25ml of 12.5% ammoniumsulfamate had been added, the deaminative derivative was determined by the indole-HCl method.6)
RESULTS

Screening for flocculant producing fungi
Culture filtrates of 75 strains in GYe medium were tested for the ability to flocculate E. coli cells. The ability was found for only one strain (named 1-1) in this medium. In tests in GC1medium, the activity was detected in the culture filtrates of 5 strains, all of which were isolated from soil and whose colonies grown on Czapek's agar plates were whitish to pinkish. The strain which produced the strongest flocculant was 1-1 which was isolated from soil from Wakayama.
Taxonomical characteristics of strain 1-1 Colonies grown at 25°C on Czapek's agar plates were whitish and velvety in appearance and reached a diameter of4-5cm in 14 days. Thereverse was colorless at first and became yellow with age. Characteristics of the cultures on various mediumplates are summarizedin 20 -40 conidia which were produced from phialides borne directly on hyphae (Fig. 1 ). The chains of conidia were easily broken by mild vibration. The conidia were cigar-shaped, smooth and 1.0-1.4x4-6,um in size. The phialides were monophialidic, slender, 20- 45fim long, and tapered with a basal portion Colony diameter after culturing at 23°C for 14 days. Each carbon source was added at 2%to the medium (pH 7.0) containing 0.3% casamino acid and 0.5% CaCl2.
Other experimental conditions were the same as those in Effect of other components of the medium. As shown in Table V Fig. 2A) or very little flocculant appeared in the culture fluid. On the other hand, when the fungus was cultured with a small E. coli K12 inoculum, the culture became opaque owing to bacterial growth at an early stage but it became clear later, and the flocculant accumulated even in this medium (Fig. 2B) . In GC1 medium, the flocculant production was also stimulated by the presence of E. coli cells (Fig.  2C, D) .
As shown in Table VI The possibilities that the culture filtrate of E.
coli contained stimulating substances and that the bacterium utilized factor(s) in the medium which inhibit the flocculant synthesis by 1-1 can be ruled out from facts shown in Table VI (medium D and E). Therefore, it is likely that the presence of bacterial cells stimulated the production by 1-1.
As to the effects of cells of other microorganisms on the flocculant production, those of Corynebacterium glutamicum and Micrococcus sp. were stimulative, but those of E. coli B, The mould was incubated in GC2 medium (A) and medium composed of 2% starch, 0.3% polypeptone and 0.5% CaCl2 (B). Conditons and symbols are the same as in These results suggest that the flocculant production is induced and stimulated by the presence of cells of somebacteria.
Time course of the flocculant production Figure 3 shows the time course of the flocculant production by Paecilomyces sp. 1-1.
Flocculating activity and accumulation of the flocculant were found in the culture fluid with the growth of the mycelium. Under the optimum conditions, the flocculating activity for E. coli cells was 29 and 1g/liter of the floe- Table VI . Effect of E. coli Cells and Culture Filtrate of E. coli on Flocculant Production by Paecilomyces sp. 1-1 E. coli was cultivated in GC1 medium at 37°C overnight. 1-1 was cultivated in the following media: A; fresh GC1, B; sterilized culture fluid of E. coli, C; fresh GC1 including sterilized E. coli cells, D; culture filtrate of E. coli after membrane nitration (0.45pi) and E; fresh GC1 plus an equivalent volume of culture filtrate of E. coli. Sterilization was performed at 120°C for 15 min. pH Fig. 4 . Effect of pH on Flocculating Activity. culant accumulated (Fig. 3B) .
Characteristics of the flocculating activity Figure 4 shows the effect of pH on the flocculating activity. The activity was not affected in the pH range of4 to 8. Fig. 5 shows the effect of temperature on the flocculating activity.
Temperature never affected the activity. 
